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The proportion of patients with acute myocardial nfarction 
tted to the coronary care unit has de~~jned from -‘70% i
960s to -30% in the late 1980s (8). Admission oflow ris 
to the coronary care unit for the 
oses a ~o~s~derable b~rde~ on t 
in whom myocardial nfarction 
a unit have few life-threatening corn 
short-term prcgnusis, but they account for a large proportion 
of coronary care unit charges (2). 
One approach to reduce costs is to develop algorithms for 
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atients who present to the emergency epartment with chest 
ain or symptoms sugg tive of acute cardiac iscb 
ecrease ~~$~~e~es~~ ad issions (3-7). A second is 
s of observation are long enough to exclude 
acute myocardial nfarction i various subsets ofpatients (8,9) 
and to ide~lt~~ patients who can be transferred quickly and 
safely from the coronary care unit (10-P-I). A third is to 
develop alternatives to coronary care units for patients with 
low to moderate probabilities of myocardial nfarction (15,16), 
such as our previously described coronary observation u it 
(17). The goal of the present s udy was to expand the analysis 
of the effectiveness of this new short-stay unit and to evaluate 
its costs and cost-effectiveness for patients who present to the 
emergency department with chest pain and a low (usually 
510%) probability of acute myocardial nfarction compared 
with similar patients why were admitted to other hospital 
settings QT discharged home. 
This prospective study was performed at 
Women’s Hospital, a 7204ed teaching hospit 
Massachusetts, from April 6, 1986 to October 31, 1989. The 
073%1097/94/$7.00 
1250 GASP02 ET AL. 
COST-EFFECTIVENESS OF A SHORT-STAY UNIT 
JACC Vol. 24, No. 5 
Novrmbrr 1. 1391:1249-59 
unit consisted of two beds with telemetry monitoring within a 
IO-bed holding unit adjacent to the emergency department. 
me holding unit was used for patients with an expected 
hospital stay ~72 h but was not generally used as a “holding 
area” while a patient was waiting for an available bed in the 
hospital. The nurse/patient ratio was 95, which is similar to 
that on general medical floors. At least one nurse experienced 
in the interpretation of cardiac monitor tracings was always 
present in the unit, and house staff coverage was provided by 
residents in the adjacent emergency department. 
General guidelines for admission were 9) a probabi9ity of 
acute myocardial infarction rlO%, as determined by our 
clinical algorithm (3,4); 2) an anticipated stay of <48 h; and 
3) the absence of all of the folilowing: acute i~he~~ia or 
infarction on the eme e9e~tr~~rdiog~~m 
(FCC); ventricular couplets or bi~ern~~~y, par~~xysmal su- 
praventricular tachycardia or arrhythmias requiring intrave- 
nous treatment; second- or third-d ree at~i~veutri~u9~~r block 
or new bundle branch block; ~rsistc~~ or r~~M~r~~t ischemic 
pin after initial tWiltllR!~t in the emergency de 
need for intravenous nitroglycerin: systobc PI 
>21)0 mm My or <900 mm Hg or diastolic blood pressure 
~120 mm Hg: and congestive heart failure or conditions 
requt+u, intravenous medication or more than the available 
levei of nurzing care. Although these guidelines were used by 
nurses and residents to assess patients who were proposed by 
their physicians for the coronary observation unit, no single 
physician screened every patient, and clinical judgment was 
permitted: therefore, occasional patients were admitted de- 
spite their failure, in retrospect, to meet these ~~id~9in~s. 
AH patients underwent ~le~tr~~~~rdiogru 
sampling of serum cnatine kinose and its 
admission and every 8 h for up to 24 
transferred to an ~~ppr~~riate hosgita9 ting if they ruled in 
for a myocardial infarction or develo comp9i~ations that 
would have made them ineligibk for initial tuillmission to the 
coronary observation unit. If none of the ~for~me~tio~ed 
events ~~urred~ patients were discharged home after -24 91 
and after appropriate ambulation or formal exercise stress 
testing, or both, unless their private internist or cardiologist, or 
the senior staff internist in charge of the unit, transferred the 
patient to another hospital setting for further evaluation. 
patients in the coronary observation unit were under the care 
of house staf and an attending physician, either the patient’s 
private attending (an internist or cardiologist) or the service 
attending (an internist) physician: formal cardiology consulta- 
tion WIS optional. The same stating pattern was used in 
stepdown care units and on the wards, but cardiology attending 
staff supervised ull cure in the coronary care unit. 
&a~.! there are only two beds in the coronary &Ewa- 
tion unit, and because appropriate locations for cardiac pa- 
tients are also in short supply, triage decisions often depended 
on bed availability. From the inception of the coronary obser- 
vation unit on April 6, 9986 to September 30, 1987, 268 
Patients 230 years old with anterior, precordial or left-sided 
chest pain unexplained by obvious trauma or abnormalities on 
a chest rQeutgenogram were admitted to it. From October 9, 
1987 to October 39, 9989, 355 additional 
same age range rnd symptoms were admitte 
ment with the same 
with “usual care.” 
r patients with m~9ti~le e~lergen~y de~rtmellt visits, 
only the 9irst visit was considctrd. Four patients ad~litted to 
the cor[)n~~ obs~~~t~on unit and 
cient cost data were ex~9~de 
unit and 924 ~rnp~r~so~ salients, 
actuaily admitted. 
Clinical data from the emergency department evaluation, 
tding the history, results of the physical examination, 
ence or absence of an earlier ECG and interpretation of 
mergency department ECG, were recorded as part of a 
detailed protocol in the emergency department or by a re- 
search nurse. The person who recorded these data had no 
knowledge of the patient’s course after treatment in the 
emergency department and thus could not be influenced by it. 
Clinical data from the hospital stay were collected by a 
research nurse and included clinical course, cardiac enzyme 
concentrations, dates and times of complications and proce- 
dures and discharge diagnoses. Since it became available in 
October 1987, a nursing severity index was collected daily. As 
described in detail e the Medicus Nursing Productiv- 
ity and Quality Syst icus Systems Corpo~tioo) (99- 
22) uses 37 indicator variables, including level of conscious- 
ness, mobility, stability, need for assistance, presence of 
intravenous lines and catheters and the frequency and com- 
reviewers uninfor 
criteria that have been described in 
the senior clinician associated 
with the case and was not contraindicated by follow-up infor- 
mation in the hospital, or that it was based positive findings 
on the exercise test or coronary a~g~ogr or the bos~~ta~ 
course. The second was that he patient’s chest pain was either 
new or worse (in frequency, severity or duration) than any 
previous chronic angina, regardless of whether the new or 
worsening pain was precipitated byheart failure, arrhytbmias 
colkection. Six months after the initial presenta- 
department, costs were obtained for all 
1) hospital costs and professional fees 
ission; 2) emergency department costs: 
and 3) 6-month follow-up costs for medical services related to 
chest pain or coronary heart disease. All costs were based on 
the patient’s original triage location (i.e., intention to treat) 
and on actua resource utilization and average 
unit costs at omen’s IPospital for 1988. Costs 
available only for other years were adjusted to1988 levels using 
the medical care component of the consumer p ice index. 
Hospital room costs were obtained by multiplying the 
length of stay in each unit by the average cost per day on that 
floor and then by a factor epresenting the relative nursing 
intensity of each actual patient day. Average cost per day in 
ean $2,462 for later patients), 
the ~~a~~lab~~~ty of Medicus 
sional services were not 
as well as 19 specific procedures, which were based on actual 
utilization data during the hospital course as collected prospec- 
tively by a research nurse. 
Emergency department costs for the initial episode are 
included in inpatient costs for patients who were subse~~e~t~y 
admitted, For patients discharged home, these were calculated 
separately and included room costs for the emergency depart- 
ment, ancillary costs and professional fees. Utilization of 
ancillary and professional services in the emergency depart- 
ment were derived from a record review of a random sample 
of 100 patients in our study and multiplied by unit costs as 
previously described. 
Specific services during 6-month fooPlow-up to which average 
costs, including professional fees, were assigned were as fat- 
lows: emergency department visits for chest pain ($403.27); 
admissions to any hospital for chest pain ($2,871.44); acute 
myocardial infarction ($6,206.88); cardiac catheterization 
($3,988.92); coronary angioplasty ($5,621.69); coronary bypass 
surgery ($21,107.21); valvular surgery ($22,559.94); andexer- 
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Table 1. Clinical Characteristics of Study Patients 
Comparison 
COU Patients Patients P 
(n = 592) (n = 914) value 
Median age (interquartile range) (yr) 
Male gender 
Time since onset of pain 54 h 
Duration of longest episode of pain 230 min 
Pain ,:ation mainly substernal 
Pain quality described as pressure 
Radiation of pain to left arm, shoulder, neck or jaw 
Prior history of angina or M1 
Past history of coronary dircase on cardiac catheterization 
Prior hivlory of coronary bypass graf@ 
Pain similar to previous MI or WOW than previous angina 
Aex%Ltcd symptoms 
Diuphoresis 
Dyspncr 
Dizxincss 
Chest pain reproduced by 
Chest wall palpation 
Deep hrsathing 
Changes in position 
Riles 2 hibasilar 
Emergency department ECG 
New ST segment elevation 21 mm or Q waves in 22 Iesda 
Changes consistent with &hernia OI strain, not known to be old 
Changes consistem with &hernia or strain. known to be old 
Olher old or new abnormalities 
Nonspecific ST-T wave changes 
Normal 
S9 (22) 
215 (16%) 
2.55 (44%) 
384 (72%) 
4.34 (739) 
385 (65% ) 
33 (4w) 
238 (Wi ) 
34 (6”; )
32 (5% J 
169 (frc) 
41 (H’;i) 
34 (Vi ) 
2-l (Vi ) 
72(W) 
7(1X) 
x7 ( l%) 
72 (120) 
I 18 (wi ) 
177 (W‘i) 
130(2X) 
D;lta presented are numb -r fEr) of patients. Missing data: time siacc 01~1 of pain. I I pticnts admitred to tbr 
coronary observation unit (COU), 5 comparison patients; duration of longert epiwdc trf pain. 62 patienta admitIed 10 rbe 
coronary observation unit, 129 comparison pilti~nls; paifl quality described as pressure. I comparison palient: pain similar 
10 previous myocardial intarction (MI) or WORC than previous angina. _. 9t palicnts admitted IU the coronaq obscrvarion 
unit. SI rutnpariai*n patients: emergency department elcctroc;lrdiogna1 (ECG). I p;tient admitred I(# the CIWII ,y 
ohscrvation unit. 
cise toleeancr tests ($524.04). These costs, except for catheter- 
ization, ~ngi~~plas~ and exercise testing, were estimated a5 the 
corresponding mean costs among patients in our study data 
base who recei:ed these services. Costs of catheterization and 
angioplasty were based on assumed quantities of utilization of 
specific hospital services. Costs for exercise tolerance tests 
were based on the observed proportion of patients who 
received regular versus thallium exercise tolerance tests. 
Statistical analysis. Clinical characteristics, diagnoses and 
complications of patients admitted to the coronary observation 
unit and comparison patients were compared using chi-square 
analysis with appropriate degrees of freedom for categoric 
variables and a t test for continuous variables. Unadjusted 
analyses of resource utilization were performed with Wilcoxon 
rank-sum tests and analyses of variance on the raw data and on 
a log-transformed scale. 
Because the analysis was based on observational data, it is 
likely that patients were triaged in part according to their 
clinical characteristics. To simulate the balance of a random- 
ized, controlled trial, a stratified analysis was performed using 
two propensity scores (see Appendix) that, on the basis of 35 
independent clinical predictors, grouped patients with similar 
probabilities of being 1) discharged from the emergency de- 
partment or admitted; 2) admitted to the coronary care unit or 
to a stepdown unit (23.24). For both propensity scores, these 
predictors included all clinical characteristics listed in Table 1 
except for ECG findings other than changes consistent with 
irjchemia or infarction not known to be old, but with the 
addition of the initial systolic and diastolic blood pressures; 
chest pain quality other than Fressure-like; radiation to the 
back. the abdomen or the lower extremities; association with 
nausea and vomiting. All the clinical characteristics that were 
known at the time of presentation to the emergency depart- 
ment were summarized by these two propensity scores, which 
were used as independent variables m subsequent linear 
regression analyses to determine whether triage location was 
an independent correlate of outcome or costs, or both. These 
linear regression analyses, with and without the log transfor- 
mations of costs and other resource utilization variables as the 
dependent variables, were used to adjust for possible con- 
llCes, diagnoses, Severe ~0mQlicatioms 
Ama~yses of the associatiom between 
lications and costs. Qverall 
regression model, ad~~st~~ 
observed covariates (25), alternative anaiy 
formed to e~a~~ill~ therelatioii between t 
the risk of a major ~om~li~atio~~, recurrent 
~~i~iat~~~rn~ during the6 moimtks 
tients admitted to the coronary 
atieats who developed any 
es (CitSC.5) WCFe ~~~~~~l?g~ 
these outcomes (contnols) 
ain, presence of rales, g 
ss grafting and history of coronary beart 
dent relation between triage decision and 
e matched groups was assessed using a 
conditional logistic regression model. A second conditlonal 
logistic regression analysis adjusted for these factors and for 
the additiot~al f ctors ixluded in the ~ro~e~si~ scores. Simi- 
larly, we created logistic regression models that 6i ClisriC~l 
variables to piedict costs and then determined the cpendent 
effect of the triage location. 
atie istics, Of the 592 patients 
admitted to the coronary o~se~at~o~ unit, 499 (84%) were 
discharged home directly from it, and the other 93 (16%) were 
transferred to other hospital settings: 25 (27%) to the coronary 
care unit; 41 (44%) to a stepdown unit; an3 27 (29%) to the 
wards. 8f the 924 control patients, 373 (40%) were sent home; 
9l(lO%) were admitted to the wards, 387 (42%) to a stepdown 
unit and 73 (8%) to the coronary care unit. 
The patients admitted to the coronary observation unit and 
comparison patients were reasonably similar (Table l), but the 
former were less likely to be male or to have a previous history 
of cardiac catheterization or coronary bypass grafting; chest 
pain that was reproduced by chest wall palpation, deep breath- 
ing or changes in position; or rales above the bases. However, 
they were slightly more likely to have EC& that were normal 
or that showed changes consistent with ischemia or strain not 
known to be old. 
CBiaalsal ~~~e~n~~. Diagnoses and complicutioras. The pro- 
portion of patients with acute myocardial infarction in hospital 
or within 72 h of discharge (Table 2) or with acute ischemic 
heart disease without infarction was not significantly different 
between patients admitted to the coronary observation unit 
___ 
Comparison 
COU Patients Patients 
(17 = 592) (rl=923) p Value 
Acute MI (in bospiial or 572 h 
after discharge) 
Acute ischemic heart disease 
without infarction 
Other cardiac 
Other noncardiac 
20 (39) 36 (4(F) NS 
149 (25%) 241 (26%) NS 
37 (6%) 102 (11%) -=z o.tmF 
386 (65%) 545 (59%) < 0.02 
AbbreGations as in Table 1. 
comparison patients. However, other cardiac diagnoses 
were more com.~Ion among comparison atients, and noncar- 
disc diagnoses were m0re common amon patients admitted to 
n8 (Table 3) were few, with- 
complete heart block with ca 
comparison, two comparison group 
cardia follclwed by cardiac arrest and sudden complete heart 
block. 
Acute myocardial infarctions occurred within 72 h after 
discharge in five (0.8%) patients admitted to the coronary 
observation unit, all of whom were discharged home directly 
from the short-stay unit, and in three (0.3%) comparison group 
patients, each of whom was among the 373 patients ent home 
from the emergency de artment (p = NS). Only one patient in 
the comparison group had a fatal myocardial infarction. All 
five patients who were initially admitted to the coronary 
0bservation unit but who had a myocardial infarction shortly 
after discharge from the hos$tal were seen during the first 11 
months of the study (5 of 146 vs. 0 of 446, p < 0.001). All five 
also had a length of stay ~24 h and did not have predischarge 
exercise tests, but because of small sample size, there were no 
stalistically significant differences from patients who had 
Bt-rngcr stays (n - 213) or predixharge xercise tests (n = 145). 
Table J. In-Hospital Complications 
COU Patien1s 
(a = 592) 
In-hospital death (all cardiac) 4 (O.l? ) 
Cardiac arrest 4 (0.7%) 
Cardiogenic shock I (0.2%) 
Complete heart block I ((1.2’;) 
Congestive heart failure 2 (0.3%) 
Comparison 
Patients 
Admitled 
(n = 551) 
5 (I).(Y:;) 
5 (0.9s) 
I (rl.2?) 
I (WY+) 
8(1.4%) 
” 
V&c 
NS 
NS 
NS 
NS 
1% - 
Recurrent ischemic pain 20 (3C) 48 (9%) < 0.001 
COLI = coronary observation unit. 
1254 GASP02 ET AL. 
COST-EFFECTlVTiNEsS OF A SHORT-STAY UNIT 
JACC Vol. 24, No. 5 
November 1,199)93231249-59 
Table & In-Hospital Resource Utilization (unadjusted) 
Wards SDU CCU 
(n = 91) (n = 387) (n = 73) 
Length of stay (days) 
Mean (SD)* 
Median (25th, 75th percentile) 
MinintaUmaximal 
Initial Medicus score: median (25th, 75th percentile)i 
CoWpatient (S): median (25th, 75th percentile)’ 
2.3 (3.4) 6.3 (6.8) 5.1 (6.1) 6.9 (6.7) 
1(1,2) 4(2,8) 3 (296) 5 (2.10) 
l/35 1136 1164 1139 
57 (S4,63) 345 (22,49) 53 (46.65) 75.5 (63,W) 
1,318 3,589 2,749 5,598 
(1,097,2,141) (1,427,6,279) (I,64S, 5,509) (2,265,14,432) 
*@tificantly &er for patients admitted to the coronary observation unit han for comparison patients admitted to ttle wards, to stepdown units or to the coronary 
me unit at the p < ~.OOO~ levelbefore and after multivariate nalysis adjzting for triage, diagnoses and complications. tS&nificantly lower for patients admitted to 
the corottaty observation unit tkan for comparison patients admitted to the coronary care unit at the p < O.tK!-OI lcucl before and after multivariate analysis adjusting 
br triage, diagnow and complicatiuns hut significantly higher than for cvmparisun patients admitted to the wards (p < 0.0001). The dihrencc between patients 
ad&ted to the coronuty observation unit and comparison patients admitted tostepdown units was of harderline significance (adjusted p c O.t!6). Missing data, Medicus 
scotes: 21 patients admitted to the wards; 53 patients admitted tu the coronary observation unit: 8 patients admitted to the stepdown unit; 1 patient admitted to the 
ruronary care unit. CCU = corona9 care unit: COU = coronary observation unit; SW = stepdown unit. 
,&QPIOII~~J fbllow-up. At 6 months after the initial emer- 
gency department visit, 13 (1.7%) patients admitted to the 
coronary observation u it and 13 (1.4%) comparison patients 
had a postdischarge acute myocardial nfarction. There were 
13 (2.2%) deaths, including 10 (1.7%) cardiac-related d aths, 
among patients admitted tothe coronary observation u it and 
39 (4.2%) deaths, including 23 (2.5%) cardiac-related d aths, 
among comparison patients. Overall survival rates at 6 months 
were 97.8% for patients admitted tothe coronary observation 
unit and 95.8% for comparison patients; cardiac survival rates 
were 98,3% and 97.5%, respectively. None of the differences in 
myocardial nfarction rates, overall survival or cardiac survival 
“between patients admitted to the coronary observation u it 
and comparison patients were statistically significant after 
adjustment forclinical characteristics influencing triage, initial 
diagnoses and in-hospital complications. Similarly there were 
no significant differences in overall or cardiac survival between 
pratients admitted tothe coronary observakx unit and com- 
@son patients initially admitted, orbetween patients admit- 
ted to the coronary observation u it and comparison patients 
sent home from the emergency department. Overall, the rate 
of major in-hospital complications, recurrent myocardiai in- 
farction or cardiac death during the 6 months after the initial 
presentation of patients admitted tothe coronary observation 
unit was imilar to that of comparison patients before and &er 
adjustment for clinical factors influencing triage alid initial 
diagnoses (adjusted relative risk 0.86,95% confidence intenral 
[CI] 0.49 to 1.53). Alternative analyses based on the matched 
case-control at+oach gave similar esults (relative risk 0.81, 
Cl 0.47 to 1.40), both when adjusting only for the matching 
factors and when also adjusting for all other factors used in the 
propensity scores (relative risk = 0.82, CI 0.42 to 1.58; see 
Appendix for weights of the adjustment factors in the various 
multivariable analyses). 
RWJOFC~ atilizati~n aad CO&S. In-hospitd mome utdiza- 
tion and costs @atints admitted to the coronary obsenwion unit 
and comp~pisopo patients), The aean and median lengths of 
stay (Table 4) of tbe 332 patients admitted to tbe coronary 
observation u it with Medicus data were significantly lower 
than for admitted concurrent comparison patients before and 
after adjustment for clinical characteristics influencing triage, 
diagnoses and in-hospital complications. Patients admitted to 
the coronary observation u it had signiftrantly lower initial 
Medicus cores than comparison patients admitted to the 
coronary care unit bcfc re and after the same adjustments but 
significantly higher initial Medicus cores than comparison 
patients admitted to the wards. 
Before and after adjustment for the same factors, admitted 
comparison patients had significactly more cardiac atheter- 
izations (adjusted p < O.OOOl), more coronary artery bypass 
graft surgery (adjusted p < O&09), more echocardiograms 
(adjusted p < 0.0001) and more exercise tolerance tests 
(adjusted p < 0.02) than patients admitted to the coronary 
observation u it. Likewise, ancillary costs of comparison pa- 
tients for hematologic, blood chemistry and radiologic studies 
combined (median cost $399; 25th percentile 214,75th percen- 
tile 838) were significantly higher than for patients admitted to 
the coronary observation u it (median cost $171; 25th percen- 
tile 137,Xth percentile 258; adjusted p < 0.0001). As a result, 
in-hospital costs (Table 4) for patients admitted to the coro- 
nary observation u it were significantly lower than for com- 
parison patients, whether admitted to the wards, to stepdown 
units or to the coronary care unit, before and after adjustment 
for clinical characteristics influencing triage, diagnoses and 
complications. The Medicus adjustment resulted in a conser- 
vative cost assessment of patients admitted to the coronary 
observation u it: Despite their low risk, these patients required 
higher nursing intensity in the holding unit than the average 
patient on that floor because they bad continuous cardiac 
monitoring; as a result, direct room costs in the coronary 
observation u it were increased by Medicus adjustment byan 
average of3% (p < 0.0001). In contrast, low risk patients inthe 
COST-EFFECTBVENESS OF A SHORT-S-KAY W-WI- 1255 
p < 0.0001 level. Wgnificantly lowe: than for patients 
admitted to the coronary obsrrvation unit at the p < 
O.UUM level. 
sFcpdow11 unit, in the coronary care kanit and on the wards 
tensity than the average ~at~e~~t on 
om costs were respectively re
nd 12% (all p < 0.0001). 
and costs (a/i coinparison group 
e initial emergency 
ent visit, more comparison patients (117 patients 
had new hospital admissions for acute myocardial 
infarction, cardiac atl~cterizat~~~l, coronary angioplasty, coro- 
nary artery bypass grafting and valvular surgery than patients 
admitted to the coronary observation unit (55 patients [90/o]). 
owever, these differences became nonsignificant after adjust- 
ment for clinical factors influencing triage, diagnoses and 
complications (adjusted p = 0.15). There were no differences 
between the two groups in the mean costs associated with these 
cardiac readmissions before and after the same adjustments. 
Similarly, more comparison patients (176 patients [19%]) b;ld 
new hospital admissions for chest pain than 
to the coronary observation unit (85 patients [14%]). After the 
same adjustments, he odds of rea&nission for chest pain were 
higher than for patients admitted to the coronary observation 
unit only for comparison patiens discharged home from the 
emergency department (adjusted odds ratio 1.7, 95% CI 1.05 
to 2.74). On the contrary, significantly more patients admitted 
to the coronary observation unit (210 patients [35%]) bad 
exercise tolerance tests after discharge than comparison pa- 
tients (276 patients [30%]) before and after the same adjust- 
ments (adjusted p 4 0.04). 
Total utilization and costs at 6 months (all comparison group 
patients). Total costs after the initial presentation, including 
costs of the initial emergency department visit, of the initial 
admission when applicable and costs of medical services during 
follow-up, were significantly ower for patients admitted to the 
coronary observation unit than for compariscn patients admit- 
ted to the Iwards, to stepdown units and ta the coronary care 
unit before and after adjustment for clinical characteristics 
influencing the initial triage, initial diagnoses and in-hospital 
? he a~~e~na~ive analysis, which used logistic regression 
analyses to determine the factors associated with total cysts 
(see Appc~d~), found that triage to the coronary observation 
unit cost a median of $2,102 less than a stepdown unit and 
$5,094 less Fhan a corolzary care unit after 
clinical digerences. These differences were slig 
what was found with the propensity score analysis that adjusted 
on the basis of factors that influenced the predicted likelihood 
of admission to various locations rather than on factors that 
predicted costs (a median difierence for the coronary observa- 
tion unit of $1,654 vs. the stepdown unit and $4,651 vs. the 
coronary care unit) (Fig. 2). 
Compakon of coronary observation unit with stepdown unit. 
Among patients who did not have major abnormal findings on 
the ECG or blood pressure measuments at the time of 
presentation and who were admitted either to the coronary 
observation unit or to a stepdown unit, admission to the former 
was associated with an equivalent clinical outcome but signif. 
icantly lower costs both before and after stratifying for the 
probability of admission to the coronary observation unit 
(Table 5). The $2,205 reduction in median costs was compa- 
rable to the results of the other multivariable analyses. 
Net estimated economic efect of the coronary observation 
unit. To estimate the overall savings associated with the 
coronary observation unit, a series of logistic regression 
using comparison patients who were discharged from the 
emergency department orwho were admitted to either a ward, 
the stepdown unit or the coronary care unit were developed to 
predict he triage probability for each location. If the coronary 
observation unit did not exist, and its patients had been triaged 
to the various other options in the same multivariate risk- 
adjusted proportion as the comparison patients, the 332 pa- 
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COU EA*B13 * Qv 
ticnts admitted to the corQn~~ 
have r~s~~t~d in 7 ~o~~aa~ ca 
wn unit admi~io~s, 10 ward a 
home from the emergency debarment. 
ean costs for the patients admitted to the coronas 
unit, given these predicted triage locations, their 
clinical characteristics, diagnoses and complications, would 
been $5,116, compared with their actual of 
1. Thus, the coronary observation unit wa to 
ligible patient seen in the emergency 
1). Even if costs of subsequent cardiac 
dered, the costs wauld still havs beeu 
4,491 for corn~ari.~~ patients versus $3,845 for patients 
1 Outcomes and Costs for Pali 
ronaiy Obseffation Unit or u S 
~~~~ar~~~mpb~ acmes or Markedly Abnormal Blood 
Pressure at the Time of Pre.sentation* 
I 3m 4i96 1.624 (3.743) 5.784 (11.375) 
2 386 5176 l.70? (3.125) 3,433 (7.215) 
3 W64 l.623 (3,~~) 3.723 (5,801) 
4 4119 W43 I.432 (1,461) 2,692 (3,983) 
5 2/W 2159 1,630 (1.170) 2,744 (5.407) 
OWall 151475 (3.0%) 11/338 (3.3%) I.632 (2,060) 3.837 (6,523) 
oaal costs (in~er~~art~le 
by rnu~~~p~~ iinear regres- 
level after adjustment fo 
cedures. ~Si~oifica~tly lower than for paGents admitted to 
the coronas obs~~~~~o~ unit at the p < 0. 
adjustment for triage. corn~lic~~i~~~ and 
~r~vi~~~ons as in ~~~~r~ 1. 
admitted to the carona 
is not being recommended 
interesting theoretic couate 
~,124,~6, or $~,016, (15%) less over 2 years, despite a 
% increase in admi~iofl rates. 
In an earlier report on our first 268 patients admitted to the 
coronary observation unit (17). we showed that this new 
short-stay unit is a safe and adequate setting for ruling out 
acute my~ardial infarction in low risk patients. The present 
study added another 135 different patients admitted to the 
coronary observation unit and a comparison group to suggest 
further that patients admitted to the emergency department 
with chest pain and a low (usually ~10%) probability of acute 
my~ardia~ infarction who were admitted to the coronary 
obviation unit fared as well in the short term and at 6 months 
as comparison patients who were triaged according to more 
traditional strategies, and they generated fewer costs. 
~ti~~E~~ ~Mt~~~. A period of 24 h is adequate to establish 
a diagnosis of acute myocardial infarction in -99% of patients 
(8), and most complications occur within the same time frame 
(26). Furthermore, a 12-h observation period is sufficient to 
exclude myocardial infarction in 99.5% of low risk patients (9), 
e assessed true costs 
resource ut~l~~~t~~~~ were nst solely a function or 
ients admitted to the c0~0~ary Obser- 
e more resource utilization after dis- 
or 60 the coronary care unit. 
Discharge home directly fro 
the least costly of all strategies. 
patients who were eligible for 
ticn who are not admitted than among those who are. Al- 
though Our fo~~ow-~~ protocol may have missed sOme uncom- 
plicated myocardial infarctions among patients discharged 
from hospital, such u~~erdiagnosis would only make a brief 
admission to a coronary observation unit potentially more 
attractive clinically. 
The present study lends support to the theoretic endings of 
a previous study (15) on the cost-effectiveness of alternatives to 
coronary care unit admission for patient with a low probability 
of acute myocardial infarction. It shows in addition that 
short-stay units with fewer services than full-fledged interme- 
diate care units may be equally safe and less expensive for this 
subset of patients. Because Bow risk pat represented more 
than a third of patients admitted in the icenter Chest Pain 
study (9), replication of the coronary observation unit could 
represent substantial savings, even if such a unit increased 
admission rates by 68%. In Our study alone, the coronary 
observation unit would have saved an estimated $1 million in 
true costs over 2 years. Similar protocols could be used for LOW 
Limited bed availabil 
though WC coitld not 
Its’ care in two 
are followed in those units. A 
tend to Fe difficult to 
ments helped determine the true marginal costs associated 
with the care of an individual patient and to distinguish these 
actual inputs from the sometimes arbitrary charges for a day in 
a particular nursing unit. 
atients who were admitted to rule out myo- 
cardial iafarcti0n be expected to USC fewer resources 
ary care unit-eligible patient, these 
onclusions about cost savings more 
uld have been if they were based on 
e Medicus ystem is ~ro~rieta~ and 
tki;l‘efore not as fully described as would be ideal, its validity is 
supported by its continued use at this and other j~stit~tio~s 
that have found it helpfuj in planting nursing stalling needs on 
a day-to-day basis for individual patients and units. Further- 
more, our Own investigative xperience indicates that Medicus 
scores vary as would be expected according to level of care 
(22). Over the long run, capital and other fixed costs are also 
saved if new equipment and facilities need not be used because 
patients receive less intensive services. 
s at-y* In the absence of any in ication that clinical 
Outcomes would be worsened by the coronary obse~vatj~~ unit, 
combined with striking evidence for a re~~ct~~~ in Costs, OW 
data sur,gest hat this new approach is bppropriate for wide- 
scafe testing in other hospitats, including community hospitals, 
to assess the generalizability of Our conchrsions. 
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Table AS. Factors and Their Weights in the Various Multivariate Analyses 
Propensity Score: 
Probability of 
Admission to 
COU. SDU or 
Factor CCU 
Propensity Score: 
Probability of 
Admission to 
CGU Given 
Admission to 
COW. SDU or 
CCU 
Case-Control 
Analysis, Relation 
Between Triage 
and 
Complications 
Linear Regression 
Model, Relation 
of Triage With 
costs 
ll%XC~pt 
$‘f sgpent elevation or Q waves not known to be old on ECG 
ST scgtnent dcprer;uion or T wavy inversion not known to hi: old 
Pain similar to previous MI or worst than previous angina 
Previous CABS 
Prevbus positive rath 
Previous ncgrtivc cath 
No history of CAD 
Burning, aching f?din 
Pressing, crushing pain 
Pain radiates to arms. shoulder, neck, jaw or face 
Pain radiates to shoulder 
Pain principdly substcrnal 
Pain radiates to back. abdomen or leg; 
Pain reproduced by changes in position 
Pain rcprchccd hy deep breathing 
Pain reproduced by palpation 
Diaphorcsis 
Nausea 
Vomiting 
Dyspnce 
Dizziness 
Age 
Gender 
Systolic blood pressurr 
Diastolic blood prcssurc 
RdCS 
Rtin began 
zzI h ago 
r2 h ago 
$4 h ago 
:I2 h ago 
224 h ago 
Longest Pain 
215 min 
230 min 
&O min 
2120 min 
r2Jtl min 
Severe in.hwpital complication$ 
Conpstive heart failurc.$ 
Recurrent irchcmic pain$ 
In.hospiml death$ 
Dmgnosis 
MI or unstable angina$ 
Cungestive heart failure, pulmonary edema, valvtdar heart 
disease. arrhythmias, pericarditis or stable angina+. 
- 1.73 
1.88 
0.91 
n.gg 
-0.31 
0.52 
-0.05 
0.13 
0.22 
0.1-I 
-Q.?h 
0.12 
0.28 
0.24 
0.67 
-0.79 
-0.92 
0.42 
0.13 
9.13 
0.21 
0.27 
0.tnL3 
.- 0.10 
OSII 
O.otP 
0.50 
-0.81 
0.16 
0.4s 
-0.57 
-0.23 
0.31 
U.lK 
0.67 
-0.40 
-0.33 
n.w.‘, 
0.04 
-0.1’1 
0.29 
0.12 
-0.06 
-0.21 
0.16 
-0.25 
t 
- 
II 
I.09 
- 0.06 
0.70 
O.bh 
0.31 
-0.03 
0.5 I 
0.28 
I .07 
0.05 
- I.09 
0.11 
0.13 
-0.08 
-0.05 
-1.15 
0.05 
-0.01 
0.01 
-0.85 
0.04 
0.14 
-K!.t 
-0.01 
-?.‘I% 
I 244 
88 
131 
-13P 
297 
1,487 
-7.5 
- I.453 
47 
-2.157 
15.075 
9,921 
11,883 
2,405 
2,416 
“Matching factors $Not included becaw of failure of coefficient to converge. SComplications and diagnoses were included in the cost model only. CABG = 
coronary artery bypass graft surgeery: CAD = coronary artery disease: CCU = coron:v care mit; COU = LOI 
myoeardial infarction; SDU = stepdown unit. 
oary observation unit; ECG = electrocardiogram; MI = 
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